OBJECTIVES The aim of this study was to develop a 3-dimensional (3D) fusion tool kit to integrate left ventricular (LV) venous anatomy on fluoroscopy venograms with LV epicardial surface on single-photon emission computed tomography (SPECT) myocardial perfusion imaging (MPI) for guiding cardiac resynchronization therapy (CRT) LV lead placement.
. Consequently, the CRT response rate in the guided group was 70%, marginally better than that found in current practice. 
METHODS
PATIENT DATA. This study included 10 patients who underwent CRT because of standard indications.
These patients had SPECT MPI before CRT, fluoroscopic venography during CRT, and computed tomography (CT) venography after CRT. The baseline characteristics of these patients are listed in Table 1 . Zhou et al.
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Zhou et al. in Figure 2D .
SPECT IMAGE PROCESSING. Figure 4 shows the interface used to manually identify LV parameters and landmarks on the reconstructed SPECT image.
Once the LV parameters and landmarks were identi- Zhou et al.
Image Fusion for CRT LV Lead Placement The LV parameters included center, radius, apex, and base. The landmarks included anterior and posterior interventricular grooves and atrioventricular groove, which was considered the same as the LV base. RV ¼ right ventricular; other abbreviation as in Figure 1 .
Zhou et al. Vessel-surface overlay. The white lines are the vessels after landmark-based registration that are overlaid onto the epicardial surface (purple lines) by the vessel-surface overlay algorithm. L is LV long-axis line passing through the LV sampling center illustrated in Figure 4 ; P is a point on the registered vessels. The overlaid point Q of P is the intersection between the LV epicardial surface and the projection line from P that is perpendicular to L. Abbreviations as in Figure 1 .
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laboratory. Post-implant electrocardiograms (ECGs)
were acquired at CRT device ON and OFF. The patient was followed up by echocardiography at approximately 1 month post-CRT.
RESULTS
ACCURACY OF THE SPECT-VEIN FUSION. Table 2 shows the distance-based mismatch errors between the fluoroscopic and CT veins. The distance-based mismatch errors between the fluoroscopic and CT veins were 4.3 AE 3.0 mm, 2.9 AE 2.9 mm, 3.1 AE 2.8 mm, and 7.3 AE 3.6 mm for AV, MCV, LMV, and PV, respectively. The overall distance-based mismatch error for the entire population was 4.6 AE 3.6 mm (minimum 0 mm; maximum 16.9 mm). The largest overall mismatch error for a single patient was 7.9 AE 3.1 mm (minimum 0.2 mm; maximum 13.1 mm). Tables 2 and 3 , the fusion was least accurate for PV because: 1) AV and MCV were used as the landmarks, and so their fusion accuracy was higher; and 2) PV was usually longer in length and more distant from the landmarks than LMV. Nevertheless, it should not impact the clinical utility of the fusion tool kit. The longer the vessel, the closer its distal site is to the LV apex, which is suggested to be avoided for CRT LV lead placement (16) .
PROCESSING TIME. All image processing ran on a personal computer with 3.40 GHz CPU, 8 GB memory, and Windows 7 operation system (Microsoft, Redmond, Washington). In fluoroscopy image processing, the reconstruction of 3D venous anatomy required Association; other abbreviations as in Figure 1 . PROSPECTIVE CLINICAL STUDY. Figure 7 shows the prospective clinical study. Pre-implant SPECT was used to identify the optimal LV lead position, which was the mid anterior myocardial segment. As shown in Figure 7A , the middle segment of the anterior vein was close to the optimal segment, and therefore, it was targeted for LV lead placement. The post-implant fluoroscopy in Figure 7B shows that the LV lead was placed in the targeted position. The post-CRT ECG with the CRT device ON and OFF in Figure 7C showed that the QRS duration was significantly narrowed
(from 168 to 140 ms) after the device was turned on. Table 3 . The clinical feasibility of the 3D fusion tool kit was confirmed by a prospective clinical study guiding LV lead placement during CRT in the catheter laboratory. In summary, this study showed that the 3D fusion tool kit was technically accurate and clinically effective to fuse fluoroscopic venous anatomy and SPECT epicardial surface for guiding CRT LV lead placement.
E X I S T I N G N A V I G A T I O N S T R A T E G
The TARGET trial (6) Table 2 .
patients when segments immediately adjacent to the recommended site were included. As the 2 trials showed, visual correspondence of the venous anatomy and myocardial segments was not accurate in many patients. Therefore, the registration of the 2 types of images is needed. Medical University, 300 Guangzhou Road, Nanjing, Jiangsu, China. E-mail: jgzou@njmu.edu.cn.
